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ABSTRACT' 

This study investigated the effects of color cues as 
well as the absence -of such cues on the recognition^ of visual images 
using as subjects 2 8 college students in a basic communications * 
course. The stimulus materials uere slides in three categories: ,(1) 
original color (realistic), (2) black and white, and (3) 
non-realisfcic color format. Subjects .were individually shown 1«0 
stimulus slides for intervals of|.5 seconds eacfh. As an immediate 
post- test- each subject was Tshownlthe series of stimulus materials 
plus distractors. A similar rec/gnition session was conducted two 
weeks later. Analysis of variacfce procedures were 'applied to a 
treatment by subjects design, and in those cas^s whfre*a significant 
F-rati^o at the .€-5 level was indicated, further analyses were 
conducted between all possible pairs of means via a modified "LSD" 
test. Bp.th color modes were superior' tO' the black and white mode in 
facilitatd^ immediate recognition of visuals. After a period of two 
weeks, hoVevfer,- only the non-realistic color mode resulted in 
significantly higher Cecognition scores. (VT) 
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INTRODUCTION ' The valOeof visual instructional materials in 

facilitating classroom instrucl^ion has TDeen recognized 
for some time. Research has clearly established the 
need for carefully ^prepared and organized materials to 
effectively^ augment oral instruction. Fundament^- to 
lear;ning from visuals is the ability to recognize anS 
differentiate- various visual displays which have* been 
seen previously. Su^h storage and retrieval o^ visual 
information -has been generally termed "Pictorial 
Recognition Memory" . ' * ' . 

l^umerous -researchers have itivestigated the 
processes whereby information; both verbal and visual, 
is stored in the human memory and retrieved from 
storage. Other inv^tigators have examined the use 
Of visuals in instruction in an attempt to explain /• 
more precisely, hov/ visual material is perceived and 
stored during learning. Resear^ih hisi been lesjs 
conclusive, hov;ever, in identifying those desi-gn 
characteristics which contributed to improved learner,^ 
achievement from visual materials as well as 
examining, the effect- on the learning procje^ss of 
variat^ions within ea-qh of those design/factors. 

The need for such research has become -increasingly 
apparent in recent years. Numerous public agencieg^ . 
and private corpora^tiona now market grfeat quantities 



of visual instructional materials^ and devices for the 



production of such materials. Teachers, instructional 
developers and graphic designers, however, have-not 



be.en provided with a set of research-based guidelines 
'for the use and majnipulation of design factors such as 
color, compie^ity/ contrast and realisiji. in the design,' ; 

selection and utiliza^tion of visuals for. instructional 

- ^ t ' ^ ■ 

•purposes. -The result of this inequity has, in many* 

cases, led to the prj^duction o^f visuals which interfere 

v;ith rather than aid instruction • V 

, The relationship between" learning from visu-als and 

the processes v^hereby visual , information is stored is 

a crucial one. All learning is predicated upon the 

• ♦ 

assumption that the i,nfornvation to be learned can, be 
properly stored in memory" and accurately retrieved 
from' the memory store at the appropriate time. 

Presently, little is kn^wn with regard to hov; the 
.individual forms, tones, colors and relati^opstiips 
v;ithin'a given visual function\in the storage of 'that 
im^ge as well as their role in the later 'retrieval of ^ 
the visii^ information. > * - ^ 

. ' The* investigation of such^elationships * has bqen " 
one of the primary purposes of a series of studies 
.currently being condu9ted at the Univet^ity of Pittsburgh. 
This paper represents an initial report on a portfion of 
this series of research projects. ' • ^ 

STATEMENT OF During the .past fjfty^ years, nutnerous^^stiidies l^ve 

THF PRoni.F.M * ' > * ' . * ^ ^ ' 

b*^/^n conducted concerning the relative effectiveness 'of 

*• ' ' * * . ' 

visual materials in f aqilitatin^ Student achievement • 

: ^ 

A serious limitation of the'se studies is that the ' * _ 
visual materials were'usually trcated-as entire units 
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rather than~as^ combinations of many distinct types of 
cues or stiniulus elements, N6 attempts were made .to , 
'systematically id^rr€ify and examine those ^elements 
within a.yifeu^ display which coh1:ributed^ to the 
improved gaming. Rather, the practice of comparing 
instructional^ materials as entire units ^onfounded-^any 
^ attempt to isolate and quantitatively define those 



•acteristics whijch may> have aided learning and those 

, wiyfch impeded learning: 
/ The use of color in instructional materials is 

/ on^ element which requires furthtar investigation. 
Color has long been considered a significant factor in 
the design cy/^isuals for instructional applications. . 
Its use, ho^-^ever, ha^ usually been" determined by two 
considerations totally unrelated to its possible ^ 
effectiveness as a 'facilitator of learning. These 
factors, the aesthetic appeal of color over black and 
white illustrations and the considerably' higher 

production, cost of color visuals have worked, although 

> 

at opposite ends, to determine the instructional use 
» • 

of this variable. . " •' 

One reason for this misjudgment of priorities has 
been the sf act that the great majority of th^ research 
regarding color has been inconclusive. In a survey^ ' 
of a number of studies relating to the' color variable,- 
Otto and Askpy (1968) concliaded that "the cue value ^ 
of color in learning is still ^essentially unclear. ^ 

^' The purpose of this series of studdes was ta focus 
specif ical/y upon color as it fundtio^V^as a memory . ^ 



coding device. In the study reported herei the purpose 
was to explore the role of. color in facilitating the 
acquisition and retrieval* of information .from what has 
been termed .pictorial recognition memory. - 

Recognitipn memory and more specifically, pictorial 
recognition memory (PRil) has been studied by many 
researchers. The vast^ majority of these studies, 
however, n^ve dealt with comparisoTfs between verbal and 
pictorial recognition, with several major theoxetical 
orientations being supported. Host prominent of these 
have beer> the "verbal loop hypothesis" suggested^^ by 
Glanzer and^Clark .(1963, 1964a, 1964b) an<i the "dual 
encoding and retrieval systems" postulated by Paivio, 
Rogers |^d Smythe (1968) v. Essentially, these twp 
orientations ^g'ue that verbal and ^visual inft^rmation 
is processed either in a single irifornration processing 
system , (verbal loop'hypc^thesis) or, alternately, that 
two distinct information processing systems exist, one 
for verbal information arid a separate system fo^ 
pictorial materials. > 

Glanzer and ClarHw (1963) suggest that visual 
information i^ 'first translated into verbal/symBolic ^ * 
information and then stoted-'in the memory in that form, 

'a 

When retrieval of .such stored information is required 
it# Is retrieved as verbal symbols and retranslated 

into visual images^. Th^ -vferbal loop hypothesis has 

> * ^ , 

found support, from other researchers; namely, Laptz 

and Stefflre (1964) and Smith and Larson : (1970i) . 



The contradictory,, dual- system hypothesis has ' . " 
. also drawn wide empirical support. Essentially /"^this 

orientation described by Paivio, Rogers and Smy'the 
_(1968) and-Paivio (1971) conceptualizes a model 

involving two- separate memory systen\s, orte, which- ^ 
processes verbal informat?ion .as verbal symbols' and "the 
second Which,' prdcess-es Visual information Th terms o£ 
. nonverbal images. Whfile Paivio postulates tx,;o.cUs|;in^t 

systems which can and <ao function independently of one 
■ another, he also suggests that the systems fiiequently 
work 'in conjunction v;ith each "other, providing unique 
interactions and associations in ihe storage dn'd • 
retrieval of information.^ ' < 

Substantial research exists to support the dual 
system model ^ Recent -^search ^work in neurophysioiogy 
-has indicated th^t the brain incolrporates two distinct " 
zones, one which deals with abstract,: sequential and 
verbal processes and the second v/h^ich' controls visual, 
spatial and perceptual processes.' A study Seamon 
and Gaz^niga (1973) relates the two different brain 
areas to the individual information processing systems, 
verbal and visual. Other, non-physiological evidence 
prqvid^ f£irth(-r suppor| for the dual system orientation. 
^pecifit:ally, , these include: Bahrick arid Bauche'r (1968), 
Bahrirk an^l Rahrick (1971), Paivto and ^sapo (1^69), 
Cermak^ (1971) ind Ternes.'and Yuille (1972). and ;,evie 
and Levie (1975) . ' ' ' 



' If/ indeed; an independent, non-verbal pictorial 
memory system exists , it is oi great importance: to under-* 
stand how the visual images^ are processed for stot^:^ge. 
Such an understanding woudd provide significant guidelines 
for the design and production^ pf visuals which promote 
optimum retention of informatipn as well as more- 
efficient access and retrieval of that ir|formation .from 
the memory store, • 

Of the many variables in visual design> complexity . 
and realism ha\^e been those most easily and frequently' 
manipulated. , ^ ' . 

f\>70 major theoretical orientations deal vitU the 
question. of realism and complexity in learning from 
visual materials. • ^ 

The first, a/ group of theories collectively 
referred to as "realism theories" by Dwyer (1957) ' . 
include thV iconicity theory of Moms (1946), Dale's 
(1946) cone of experience and the surrogate fidelity 
theory of Gibson (1954),» All of these" theories are 
predicated on the assumption that the more realistic ' 
*an instructional device, the more effectively it v/ill 
facilitate learning.. This assumption is based on the 
notion that the more realistic materials will present 
rftore visual <;ues to the learner and thus, give him^ more 
information v/ith v/hich to work. Justification, for this 
assumption is provided by the basic theory of stimulus 
generalization and the concept of cue summation. ^ * 



A conflicting orientation, however, has also 
drawn v/ide support. "This group of theorists and 
researchets has suggested that the ^'realism theories" 
do ndt acc^ately describe how visual instructional 
materials function in learjiing,„and in {fact, maybe 
in direct contradiction to the true. situation. * 

Broadbent (1958, 1965) has desorabed the human* ^ 
infomation' processing system as a single-channel, 
limited capacity sys'tem which he reefers to* ,as the 
P-system. This system functions much , like a filter^rln 
that, in times of high information, reception, not all 
infqfmation perceived is immediately processed and 
.stored. Rather, the P-system Alters *out all* information 
'beyond its capacity and hdl^^ this "overflow" for later 
proce^ssing. ^The overflow may possibly block other 
incoming, releyanii information. ,Jac6bson (1950, 1951) 
further supported this contention ^d indicated that 
only a small percentage 6f all information perceivec^is 
effectively stored and utilized by the neryous* system. 
Working from the theory o^f Broadbent , Travers 

\^ V 

(1964) focuse^d specif ic^ally on the question of realism 

in instructional materials. He suggested that, to deal 

^^■^ ^ — — * 
with a complex environment, Jthel nervous system must • 

_________ e> 1 

'^simplify inputs and perceptions.. To achieve this end,— 
Travers described a process known as "compression." 
In describing this phenomenon, he indicated that to 
maximize the instr;uctional effectiveness of visuals, 
it.may.be nec.essary to discard some , elements of a 
visual which 6ontaifi little information. This position 
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s is -suppor^d by empirical research conducted by Cherry 
'(1953), Attneave* (1954) , Spaulding (1956), Gorman (1372) 
and Dwyer ' (1972) . The studies* reported by Dwy^er 
represent t^e single , most- cofitprehensive group of \ 
' - , studies in this ^area. ke fpund strong evidence to 
* indicate that'-the most realistic visuals are not 
I < necessarily the most effective in ypromoting student 

learning. The, releVance of visual' realism to the use 
of- color is readily 'apparent. Color in a. great many 
visual illustrations can represent a significant con- 
tribution to the realism^ depicted in*<^th6se visua3.s. 

Research related specifically to the use of color 
has, similarly; been inconclusive • In a ^number of 
^ studies investigating the use of color in instructfional 
. visuals. (VanderMeer, 1952; K^n^er and Rosenstein^ -I960 , 
■ ' 1961; Katzman and "Nyenhuis , i972)'-it was generally - 

concluded that color has no significant effect on 

^ ■■ : 

learner achievement. * v ^ ' - - 

■ - ■ • ' J 

More recent studies, howeve-r, have reported con- 
-flicting data. Color v/a^ found to b^ a ^signiff icant - 
design factor ix\ research conducted by BourTie and 
r * Restle (1959^), Saliva (1963),, Underv/ood (ia63) , DWyer 
•(1972). ' . , ' - <v 

SPECIFIC ^Ihen the results of those studied, related to ^ 

OPIRNTATIOW ^ , • . . ^ 

OP THE complexity or color*', are- taken into cons^ideration, it- 

1 PRESENT ' . V , ' ' 

STUDY -seems apparent that, as^tto and Askov.(1^8) indicated, ' 

the "cue valtie .ofc ©olor " is not clear.' Limited research 

has fbcusod on th^* pf fec-f- o£ , vari ati ons withi n the color 

• • 10' 



mode of presentation as" a means whereby the cue value 

of color may be more adequately investigated and 

described as it relates to an, individual ' s ability to 

process, store and retrieve visual images. Since ' . 

pictorial recognition memory is a basic-' component of all 

visual learning, it v/as the purpose of this study to 

investigate the effects of color cues as well as' the 

absence of such cues on the recognition visual images. 

Two' signif icant^research questions are apparent. * 

^ 1. Does the addition of color informartion to a 

visual restalt in an. increase or decrease in a 
subject's ability to. recognize visuals t^/hich 
have been previously viewed? \ - 

In this case, the a(3di€ion of any color cues ,to 

a visual display v/oQld represent an ijistance of greater 

available information. If the, addition of color does 

indeed increase the recognixability *of' visuals', -the 'cue 

^sumraatton and realism theories vjfould be strongly 
supported. A finding of decreased ^ecbgnizability • ' 
would immensely- lend support to the single channel/ 

'information overload orientation* . 

2. / If ^he addition of color information results 
, in a greater degree of recognition, ^ what ' 
factor ol: factors are responsible? 

Thre^ explanations to the^al?ove question seem 

tenable. First, -if the use of only jrealist-ic color 

cues make the visual more recognizable, it might be 

concluded that' realistically colored visuals elicit 

more real-life associations wifehin the memory store, » 

thereby .facilit'ating storage and. later retrieval of 

the stored visual inf ormatipn. Second-, if the addition- 
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' of only non-realistic coloj;; to a visual display results 
in a higher degree of ' recognizabi^ity , then a logical' 
cohclusiori night be that the col6r cues were particularly 
unique oi:' distinctive ' and for that reason v/ere easier to 
^ ' store and retrieve. * . - ' ♦ 

• The, third^^ossible explanation may* hold 'true .if no 
significant differences in recognition levels were found 
betv;een those visuals employing realistic color cues 
and th6se utilizing. non-r,ealistic colors',.' 5uch a finding 
would tend Jto indicate that the mere addititDn of informa-- 
tion gives the Viev/er more cues to aid in storage and 
retrieval of the informaiipn, a basic contention ot the 
. realism, theorists. ^ ' 

The^ present study attempted to explore these, 
theoretical oci'ertteaJ:ions arfd^ explanations from -ari empiri- 
caX QpprQach. In this study, visuals* whicla incorporated 
both types of color tueing techniques respectively as • * 
well a? the absence of such cueing v;ere* comparted in ^ ^ / 
terms. of their relative' effectiveness in . facilitating 
pictorial recognition. 

V • - • 

STIMULUS • ' The stimulus' materials used in this study were^ 

f1ATKPTAT.S * . \ ' . 

developed from a pool c of travel and general geogif^aphic 
scenery slides taken in various parts' of ^thle United ' 
• States and Canada .by several amateur photographers. ^From 
this pool, a group 'of ^280 slides were' selected' to be" 
^sed in the study. Criteria v;ere/ Applied to the . • . ^ 
selection to eliminate those' slides with any verbal 
material, rccognizahje human- figures or unique objects. 

" . . • 12 - 
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This group of slides. was randomiig: divided in *half ^ 140 
-slides becomipg the stimulusTslides and 1.40 slides used 
as-distractors.^ 'Each group was ag^in randomly divided * 
into approximate third^s./" One third \7as retained in the 
original color (r Stic) fo2?ma^. A second third was 
photographically recopied. into black and white slides and 
the remaining third of ^acji group was recopied and mod- 
ifled by me'ans of color photographic reversal to repro-- 
duce a npn-realistic cqlor fCTmat. ' ; : , 

Photographic reversal was used as a means of 
producing visual materials in v;hich' the, total number of 
>:^i^6!iLal cue^ were held constant v/hi^e^^^e degree of 
'realism (color-realistic or non-realistic) could be 
manipulated, -'^ 

In thi^ case; all colors were systematically ^ 
reversed to their opposite or complementary color, i.e. 
reds and browns were reversed to blues, grays and greens; * 
yellows to violet and v/hites to black. 
* ^ The 140 stimulusWlides were duplicated to provide 



two sets. 



EXPERIMENTAL • The data' for this study were obtained from 28 
PROr^EnuRP. ; 

college students enrolled in .the basic Educational 
Cor^unicat?.ong course at the University of Pittsburgh. 
\ Subjects were seated six feet from the screen in a 

d^^J^^^ed roqm. The Stimulus materials were presented by 
mean's of a Kodak Carouse! Slide Projector which enlarged 
the projected image' tp a standard 16" iby 24" size. The 
_ research assistant cbnducting the session was situated to 

m 13 . ■ . \ 
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the rear of the S' to minimize distraction and- facilitate 

operation of the projecition equipment. 

The. "list learning" procedure" for recognition ' > 

experiments described by Kintsch (.1970, p. rO) was 

employed in the study. Each S was first shown the. group 

of 140 stimulus slides for intervals, of ' .5- seconds each. 

Immediately thereafter, each S was sho^vn the series of 

stimulus materials plus di.stfactor materials combined 

in a- randqm sequence. Each slide was presented for 

five seconds during which time tjhe 5 responded verbally 

"old" or "new", depending upon- v/hether the slide was 

recognized as being part of the first stimulus series or 

part, o? the distractor series. For convenience of< 

presentation as well a? a control against fatigue, the 

seri^ oT 280 slides" was. divided into seven ?ets^fV40 

slides each, labeled A, B, 't:, D, E, F, aod A rest 

period of 30 seconds was .provided betvJeen each set". 

Each S was run individually and all responses were noted 

by a research assistant. • * , 

A similar r^ognition. session was conducted for 
— > 
6ach S after a period of two weeks.*.' During this session 

the combined group of 280 stimulus and distractor slides 

was presented anrl s ' «5 again responde-cl "old"''or' "new". 
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STATISTICAL Statistical analysis was conducted hv means of 

/ ANALYSIS ^ ^ ' . ♦ ' 

• ^ analysis of -variance, procedures applied to a treatment 
- by subjects design. In^those cases ^where a significant 
P-ratio at the .05 level v/ag indicated the analysis 
of varianc^^ further analyses v/ere conducted j^etween 
all possible pairs pf means via the modifi.ed LSD 
^ ^ procedure. 

The rav; data means and standard deviations are 
presented in Tables 1 dnd 2 and Figures 1 and 2. 



Table 1 

Immediate Recognition Sco;:es 



Treatment - 


N ' 


I lean 


- Standard 
Deviation 


Black and White 


28 


11.82 


6.91* 


Realistic Color 


28 


16.86 


6.13 


Non7Realistic Color 


>28 


15,36. 


7 . 50" 











/ 

Table 2 



Dela/ed Recognition^ Scores ^ 















•' Treatmenl5 




Mean 


standard 
Deviation 


< 


Black and White 


28 


10.18 


6. a 




' Realistic Color 


28 


13.57 


'•. 7.19 




; Non-Realistic Color 


28 


■ 15.64 


8.97 
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Figure 1. 



Ijnmediate Recognition Scores 
By Subsets 
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Figure 2. Delayed Recognition Scores 
By Subsets 
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^ Analysis of variance procedures produced F-ratios 
of- 10, 48 - Intmedi^te and 5 ♦74 - Delayed, Both F values* 
exceeded the crit4.cal F^value,at the p < ,01 level 
• {F q^ = 5.d&,; df ^ 2/50). ^ . • \ 

Further analyses were conduct'ed via the modified 
LSD procedure f a somewhat conservative procedure ^5 which 
hov/ever^ does control the experimentwise error 'rate 
Tlje results of *these pair-wise comparisons are shown in 
Table 3. ^ ' 



^ *Via Modified LSD Test 



Table 3 



ilultiple Comparison of Mean's 



/ 



immeaiate Delayed 

: ^ ' ' ^ 

RC ^ BW* RC = BW 

NRC > BW* NRC > BW* • • \ ^ ' 

I^C = NRC " RC = NRC 

*Significant at p < .03* level 

. As shown in Table 3^ both color modes were superior 
to the black and v/hite^ode^ in facilitating' immediate*' 
recognition of visuals. After a period of two weeks 
had elapsed^ h^oWever, orfly the' non-real;L3 tic color, mode 
resulted in sighif icaritly higher recognition scores 1 
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DISCUSSION Based on the findings in this study, a number of 



s 



suminary^ Statements can be made. 

1. The use of color cueing techniques tends to 
increase the recognizability of visuals viewed 

^ ' for short periods of time. ^ , , 

2. Any type of color cueing device tends to, 
f^acilitate recognition immediately after 

, visuals have- been viewed. * • * 

3. After extended periods of* time, in this case 
^ ^ two weeks, only non-r'eali^stically colored 

Visuals tend to increase the ^degree of 
' recognizability of a^ visual.*. 

These findings tend to support the .contention of 

many resear^:hers that the addition of color cu65 to a 

visual .will result in increased learning or improved 

storage and retrieval of information. They do not ' 

nfecessari],y, -however , suppcgrt the "realism" or'ienta^ion 

\ in that/ both realistic and non-realistic color cueing^ 

devices were . equally 'effective in facilitating 



litlon. 



recognition. » . *4 

^ "Fxiijith^r jthe data do not support tiik contention 

of Bro'adbent (1958, 1963) and Travers (1964) that the 

information processing system may be blocked by jy 

jCrreleyant^cues, such as color cues, in times.^ of hiah 

information reception.. The stimulus materials used, in 

tjiis study were presented rapidly and' for very short 

* . • * ' 

periods of 'time,* '.5 sec. Apparently, even at rates of^ 
, " ^* ' ** • 

tr^ansmission such as these, the additional-* information 

did 'not' "block" th§ information processing system, and- 

impede^ learning.' 

■ ' " v 

* ^ V • Iri the^ase of delayed recognition of visuals, the 

Q apparent superio;:ity' of Wie non-realistic color cues may 

vie . • ' 18 ^ . 



be attributed to the uniqueness of the cues. The non- 
realistic cues would appear _to provide unique associa- , 
tions and were therefore easier to retrieve from the 
memory store. . '' " 

It can generally be concluded, therefore, that the . 
use of color cueing devices does indeed facilitate the 
storage and retrieval' of visual information. It v/puld-' 
a appear that the process is aided because ot a greater 

number of visual cues, rather than a more "realistic" 
visual image. 'It pan be f-utther concluded that extremely, 
* distinctive color cues may be useful in helping learners 

Store and retireve visual information tobe recalled at 
^ much later times. ' ^ ' ' ' 

/ 

II>IPLICATIONS This paper represents an initial report on a series 

FOR FURTJIER , / . 

RESEARCH ^ of related experiments dealing with "the effect of color 
cueing devices in visuals on various aspects of human 
. learning. Currently a systematic investigation into 
\ the effects of variables such as rate of presentation 

of color cued visuals. and the i^elationship between 
f ^individual learner differences and learning from coloc^ 
visuals is being conducted. The completion of this 
series of studies along with replications uill 
possibly permit more extensive conclusions to be drav/n 
regarding the role of color in, visual learning as well 
the establishment of a series of #taidelines for use by 
itt«tructional designers in the development of educational 
materials which incorporate visual displays. * * 
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